WD 2006/ 047071 PCT/ US2005/ 036238 ELECTRI CAL PONER CONNECTOR FI ELD OF THE

| NVENTI ON [ 00011 The present invention relates to electrical connectors and
nor e paWdE@k/@Hoy to el ectronic power connectors especp@riy¥zo065bigd 1 n
circuit board or %ackpl ane interconnection systens. BACKGROUND CF THE

| NVENTI ON [ 00021 Designers of electronic circuits generally are concerned
wth two basic circuit portions, the |l ogic or signal portion and the power
portion. In designing IogE@EQ’Fm%,PQ‘%@IHEQ pmﬁal | y does not have to
take into account any changes in electrical properties, such as resistance
of circuit conponents, that are brought about by changes in conditions,
such as tenperature, because current flows in logic circuits are usually
relatively | ow. However, power circuits can undergo changes in electrical
properties WMEAPOFTHEMWNVENTION! Yy high current flows, for exanple, on the
order of 30 anps or nore in certain electronic equi pment. Consequently,
connect ors desi gi@d01]f drheggesenhinyention relates o elecimgal conpedarsaipd smaze

di ssi pati ng_heat neyated prinari as a_ result .of. the ule effect) so
That Phanoopariulaf 9 EleBl e RobAF{drinfefS oot oo End Rt oF L r o
flow are m @h&ﬁ@ﬁ.in@w@ﬁgggﬁog@gﬁemg_ug contacts in circuit board electrical

power connectors are generally of. rectangul ar (bl ade-1ike) or circular (pin-
| i ke) cross-section. These are so-called "singular-mss" designs. In these

convent i onaBACKGRAUNROF DHEBNYENTION confi gurations, the opposing

receptacle cont C kIS al.r of .inwardl yv.urged canti.l exver beans and
the mating bl adei‘@?@] pi Sf%‘efso%a %go%tcﬁgxﬁ@gq%gy%lgi a?e g?ncﬁg’e?ﬁs“.” &h .

ar r angement $agé eiréhif pdrEibhd, thellopRU#GRnb porfib SndMhk Power potvish SRl desighingct i ng
heat dissipation capabilities. They also provide only "mnimal flexrbility

to change cdegiacircuisy traldesignerasudly dass nst havato take dnfatagequnt gasoehangss in[ 00031
There is a need.for a small contact which efficient] I,SSi.pat eat and
why o has r Sttico rofemfishe RfieRantd o chefit pPbERn Y A AR BRI Al R v ens o
[00041 The pieagiYes iMydHditicH?, s_hat esnpePatleCbdcaiiserdurfe@nfIont & BgichilufoPnpr i ses
a receptacl e having an insul ative housing and at | east one conductive

recept acl e areluswglycisivelyyowl Borewsanest ogeasgan undergo changes in electrical

properties because of the relatively high current flows, for example, on the order of

30 amps or more in certain electronic equipment. Consequently, connectors designed
for use in power circuits must be capable of dissipating heat (generated primarily as a
result of the Joule effect) so that changes in circuit characteristics as a result of
changing current flow are minimized. Conventional plug contacts in circuit board
electrical power connectors are generally of rectangular (blade-like) or circular (pin-
like) cross-section. These are so-called “singular-mass’ designs. In these
conventional singular-mass blade and pin configurations, the opposing receptacle
contacts comprise a pair of inwardly urged cantilever beams and the mating blade or
pin is located between the pair of beams. Such arrangements are difficult to reduce in
size without adversely effecting heat dissipation capabilities. They also provide only
minimal flexibility to change contact normal forces by adjustment of contact
geometry.

[0003] There is a need for a small contact which efficiently dissipates heat

and which has readily modifiable contact normal forces.

SUMMARY OF THE INVENTION
[0004] The present invention relates to electrical connectors that comprises

a receptacle having an insulative housing and at least one conductive receptacle
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contact conprising a pair of spaced walls formng a plug contact receiving
space. A mating plug conprises an insulative housing and at | east one
conduct i ‘6@09&%&%91 havi ng a pair of spaced walls whi chp&pfiRroas/pieassect i on
engageabl’'e"in the plug receiving space of the receptacle contact. The
contacts enploy a "dual mass" principle that provides a greater surface
area avail able for heat dissipation, principally by convectjon, as conpared
Wi th "si ngl ecomass corgprising e pair Phspaced Walerming pplugicantact rgpeiding spaeswHat h

t hrough spaced.portiaons of the tS.. e ol n

connectors vﬁ 21}1]19%?%1@1% d 9%—&??&“@%@%”%%08%8@é}ﬁé€ﬁg§9§&€%f“ﬁgg%@§ﬁ e present

i nvention i shdvitig Hpdir 8gaEedRElIsMhich I fohR agR6eiectich ¢ aleathepgng dr awi ngs
i n which: [oooa]g,’tF?? ﬁ@i@s a perspectivea\%ﬁgﬁcof aﬂgg%eug cont agt% [ 0007] Fig.
2 is a side Braviagispas ofihetecentacle sompctg The sonteets smplay @ fival mass’: [ 0008]

Fig. 3is a Lve Vi ¥ . t . [:000 Fi hS a
side elevati né’?ﬁg%a\u;vp gq‘mie%\eg £ éeaé%psglgfg?egilgg% aé@ estﬁlgé\%lt Pﬁglplg—%%n.’ pg;nm?f)lg%]
Fig. 5 is a tynveeicyas tomgdred with“singR-1RhdsY c6RBEE.CTHIs, arfafl thrdidg s a
top plan view of the plug connector shown in Fig. 5; [001(]i Fig. 7 is an
end vi ew of amar BpwpativthiraehspacsH Prrtiang of thy. cogtacisad tis pleggnd geceptaglet op f r ont
perspective é’oinﬁ tgis&ﬁk%rﬁﬁtg connector shown in Fig. 5; 10014] Fig. 9 is a
top rear perspectirve view of the plug connector shown in Fig. 5; [0015]
Fig. 10 is a front elevational view of a receptacle connector; [0016] Fig.

11 is a top BREPFDESCRIPTICNGE AHEDRAWINGSt or shown in Fig. 10; 100171
Fig. 12 is an end view of the receptacle connectgr shown in Fig. 10; [0018]

Fig. 13 is a top 008k Theprsentyaveniiapisdirtherdes@ihedvath refgengedety  shown in
Fig. 10; [00 L O ' i .Qar respective view ot her receptacle
connect or sh%%m%%ér_a@&[lﬁ%%?@ﬁ g. 15 is a front perspective view of a
second enbodi ment [00D6p! Big. 1¢9apEsptive view of a plug contact;

[0007] Fig. 2 is a side elevational view of the plug contact shown in Fig. 1;
[0008] Fig. 3 is a perspective view of a receptacle contact;

[0009] Fig. 4 is a side elevational view of the receptacle contact shown in

Fig. 3;

[0010] Fig. 5 is a front elevational view of a plug connector;

[0011] Fig. 6 is a top plan view of the plug connector shown in Fig, §;

[0012] Fig. 7 is an end view of the plug connector shown in Fig. 5;

[0013] Fig. 8 is a top front perspective view of the plug connector shown in
Fig. 5;

[0014] Fig. 9 is a top rear perspective view of the plug connector shown in
Fig. 5;

[0015] Fig. 10 is a front elevational view of a receptacle connector;

[0016] Fig. 11 is a top plan view of the receptacle connector shown in Fig.
10;

[0017] Fig. 12 is an end view of the receptacle connector shown in Fig. 10;

[0018] Fig. 13 is a top front respective view of the receptacle connector
shown in Fig. 10;

[0019] Fig. 14 is a top rear respective view other receptacle connector shown
in Fig. 1.

[0020] Fig. 15 is a front perspective view of a second embodiment of plug

connector;
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-2 WD 2006/ 047071 PCT/ US2005/ 036238 [00211 Fig. 16 is a rear perspective
view of the plug connector of Fig. 15; [0022] Fig. 17 is an isonetric view
of a pl u@v&%k@% psed in the connector of Fig. 15, wi tpctioe0080de2s8t sStill
attached 'to a porZ|on of the strip material fromwhich its fornmed; [00231
Fig. 18 is a side cross-sectional view of the plug connector of Fig. 15;
[0024] Fig. 19 is ront perspective view of receptacl e connector matable
with the plug conllqg%{]orF’cﬁf ?ftisg%re?cﬂsl?erfn?e@‘_sq “FWQ&%PIP% cameééﬂf_oggk%égpt ive
view of the T ecepjogsh eaNIPH AlisSHONR vidwofd Pug t8ntabiRe8ln HeQondebidrora

i sonetric view of a receptacle contact used | he connector shown in Fig.
19, with theFigolft, axith the icbhtacttstil attachetido a ppriioni afthostrip meaterizt dlom whichtsf r om
which it was fo&grsd; [00271 Fig. 22 is a side cross-sectional view of the
receptacl e d8AR&6tor shown in Fig. 19; [00281 Fig. 22a is a partial
cross-sectional vjggysit afgr @S%ﬂdé&g 2418821 KA of e %O&%g | Fpisds.is a
partial cross-sectional |<1awkta en anong Iiane BBoot?IgI"Bl1 s Zg?tgﬂ[%‘o%%lgl’—“i g. 23
is a front perspe@024je Figeld ofa frontiperspectiviectiéwrofit ravepiaktiegonnentorandtable [ 0031]
Fig. 23ais a crosi-sectional jey of an alternative arrangenent for
securing a CUitR theP ?%CWSWEP%‘;% ¥V§)0321 Fig. 24 is a front perspective view
of a receptacle ¢ t ffo. dr eHﬁ?eevi%th e {th Fig.
23; [00331 Fig. 2@0?§Cap]¥grgﬁt?sqeﬁ%grv%t|§bona Vi ewgg‘ angétﬁ%?egl%gﬁl}%ﬁeorﬁﬂ of
receptacl e dafigd9or; [00341 Fig. 26 is a bottomrespective view of the
connector shown i bg....2p:.[00351 Fig. 27 is an jsonetric_ view of a
receptacl e cont ac@oggedF’igngﬁéals‘é‘BﬁWé %YIQZ?FQCGE@?IQPQH”FWSF%@ gs. 25 and
26: [ 00361 Foinedtét dnbwh ifi P98 95wt R ntath &t Rache AULHEE oPfheThAN" 11 F 0.

strip from which it was formed;

[0027] Fig. 22 is a side cross-sectional view of the receptacle connector
shown in Fig. 19;

[0028] Fig. 22a is a partial cross-sectional view taken along line AA of Fig.

22;

[0029] Fig. 22b is a partial cross-sectional view taken along line BB of Fig.
22;

[0030] Fig. 23 is a front perspective view of a third embodiment of plug
connector;

[0031] F ig. 23a is a cross-sectional view of an alternative arrangement for
securing a contact in a housing;

[0032] Fig. 24 is a front perspective view of a receptacle connector adapted
to mate with the plug connector with Fig. 23;

[0033] Fig. 25 is a front elevational view of another embodiment of
receptacle connector;

[0034] Fig. 26 is a bottom respective view of the connector shown in Fig.
25; | |

[0035] Fig. 27 is an isometric view of a receptacle contact used in the
connectors illustrated in the Figs. 25 and 26;

[0036] Fig. 28 is a cross-sectional view of a connector as shown in Fig. 25;

[0037] Fig. 29 is a cross-sectional view of an embodiment employing

stacked contacts in the plug and receptacle connectors;
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[0037] Fig. 29 is a cross-sectional view of an enbodi nent enploying stacked
contacts in the plug and receptacl e connectors; -3 WO 2006/ 047071

PCT/ US200%4P30 [0038] Fig. 30 is a perspective view ative
receptacle conﬁ%ﬁ?@r enbodi ment in accordance with the %é%@%r??%sﬁéjegnt I on;
[0039] Fig. 31 is a perspective view of a plug connector that is matable
with the receptacle connector shown in Fig. 30; [0040] Fig. 32 is a
perspective vi ew [8038]heFigo3hisca parspeptiveryig of an alieraatave repentarie pRANSELOT and

[0041] Fig. 33 _sect | e hrough Tine XXX I 1-XXXI I |
as shown in @’@%ﬁ%@h E@@%&T%F‘%ﬁ%ﬁ?ﬁ’uymn VE EMBODI NENTS
[0042] Referring [0039]i gBig. B hisch perspeplivegview pif apluglébnhectorihat ismaatdé with

connector is,  shown. This plug, contact has two opposed major side walls 12
and 14. A fihercepiadlf sennestor shown il Figedligeneral Iy by nuneral 16, has an
upper section 18 a wl,o | O e | ower
sections conpri se[gﬂ{fib]palrlk' %?{Soaggeg%dgg&%‘gﬁvﬁ?g{&eﬁkgégﬁéﬁng%hé%gﬂz}ﬁ%lhavi ng

i nwar dl y corbergghagd;endxi mal section 22, arcuate contact section 24 and a
di stal section 26, The opposed di stal ,sections 26 are_  preferabl par al | el
to each other. THBOHEIstEig. 31ista pss-seahirngbvisydalksuthequehling KT \when
the beans arg 4 xeg, condi ti on, but cone together when the beans are
def |l ected asagtswew#rﬂog{é' gzr'oj ection is inserted into a receptacle contact (as
expl ained below). This provides over-stress protection for the beans during
mat i ng. The BETAILES DESCERIPTION OFILIUSERAREIVE EMBODIMENTS Ter mi nal s 32,
34, 36 and 38 extend . fro an edge of nel 28. Terninal 40 extends from
panel 30, al ong PP#la %&GF&?&"P 1%)%llaP‘Eg’aP]é‘BﬁPW&Pfsl({f‘?éils%Wcﬂ/ﬂ)‘g Termnal s

32- 40 | $6 i o AT s
pins o sur AR TR P A T e foshosy BuBr Rl el 1 e
arcuat e bri dyirogt pofsvtion, Sderiti frdgeddrallfbymuinalal $dme adGppadagiond 8 dudra ai r

flow, is defined between_the panels Z%nd 30. The contact 1Q is stanped or
ot herwi se f dPWeisegdon2Q; Batheotihesedrperand Jower septions comprissy apabt grpose

materi al s sygh P 2 ' %rw I [ 0043]
Referring tf)b%&ﬁﬂgg‘?rb%gg‘ﬁa&% bggg;ﬁgﬁgg%&%@@g?&%g{ﬂg S OWI%. [ g’ ﬁgg%%pt acl e
cont act has coptactssedtionp24 tued aldisyal péctioa26aTiie pppedel distdisdetions2baréd0 and 52.

preferably parallel to each other. The distal sections can be positioned slightly apart

when the beams are in relaxed condition, but come together when the beams are
deflected as the front projection is inserted into a receptacle contact (as explained
below). This provides over-stress protection for the beams during mating. The side
walls also include planar panels 28 and 30. Terminals 32, 34, 36 and 38 extend from
an edge of panel 28. Terminal 40 extends from panel 30, along with a plurality of like
terminals (not shown). Terminals 32-40 can comprise through hole, solder-to-board
pins (as shown), press fit pins or surface mount tails. The panels 28 and 30 are
connected by upper arcuate bridging elements 42 and 44. A medial space 46, adapted
for air flow, is defined between the panels 28 and 30. The contact 10 is stamped or
otherwise formed as a single piece from a strip of suitable contact materials such as
phosphor bronze alloys or beryllium copper alloys.

[0043] Referring to Figs. 3 and 4, receptacle contact 48 is shown. This
receptacle contact has opposed, preferably planar and parallel side walls 50 and 52.
These walls extend forwardly in a front projecting portion 54, that forms a medial
plug receiving space 56. The distance between walls 50 and 52 at portion 54 is such
that the projection 16 of the plug contact 10 is receivable in the plug contact receiving

space 56, with the beams being resiliently deflected toward the center plane of contact
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These walls extend forwardly in a front projecting portion 54, that fornms a
medi al plug receiving space 56. The di stance between walls 50 and 52 at
portion 54yd SoogMs7e71 t hat the projection 16 of the plug cp?ﬁ/%g%oogﬁs&%
receivable in the plug contact receiving space 56, with € beans Dbei ng
resiliently deflected toward the center plane of contact -4 WO 2006/ 047071
PCT/ US2005/ 036238 10. The defl ection causes the beans to devel op outwardly
di rected f ort&sThedefleetign cansesthe hgamsie develonvatwradlyi direstedforcgsitherebyt he

i nside surfaces.of,.,the rtions formng .1he receiy ng spa 6, .t0
devel op sul | HETE R ARARRRere Pomeelsl bR didedirfEs ot 84 e
i ncl ude, respegédeitengy/spaBeng) e dedelopcuitiBle dontaenadrihl Foros) PRASIHe BRlEbere are
termnals 62, 64, 66 and 68. Extending from panel 60 there is termnal 70 as

wel | as sevanddi2 dshiaelude respegtively mancls 38ang 60.TREtcading: fomepanch}&ihere

essentially the s PLevi I lhed t ) pal s. 32-40.. -Fhe side

wal | s 50 andarggergﬁlgﬁi %ﬁéédgg%éﬁﬁ'eﬁxtg@&]ﬁégéglr%arn%g%ﬁlgﬂea]ts e%l}u%}(ﬂ;r?g v‘ée:uement S
72 and 74. Pisfetdrabdtiier ttAGINARYRGIsAGWR). CTHEb@ fermirfals At e6schtiANPRE s@he @ her wi se
formed in a single piece froma stri phosphor bronze alloy or beryllium

of
copper al | oypreyiousi Hescriged tasminals 524Dy AbeSide pially 50 e 82 ars jommdiiogsthes biin

I nsul ative plu ' /6. The housi ' S front.sid 8 havi ng
a plurality %qn%ﬁg&e%?&acoﬂ(g@fg QS@F?%?%EQ %Zgaiﬁ%%é%’r@ Tp ?eg)ﬁatclep 0&%@{% on or
nmating portiglko dbmpéd GSothbrsk Bime@in 4 gl pitge GORE 26trip dfphebphopbRAzé N
apertures 84, 86. The plug contacts 10 are retained in the housing 76 by an

i nt er f er encealloytorheryhlléen coprer@biayact and the housi ng. This is acconplished

by havi ng the di jon (Fi t ' ' ; edge of
o0 g the + ORHL "Elast bt 4 A fhIRIR: 08 pRGh R lo PR B O

di mensi on of hdulfgCaY iTh¢ HolsiAg Usiincludds atffat side 7@ hveisigtaPleraliey dfigovepf pl ug
contact 10. The front side 78 may also include a signal pin array opening

88 for housi¢nptast apegivsgs 84pnd 86 rEhie fos pepieation of arabing Postions] (s 24ndd). The

housi ng 76 al inel ud a nunber,. of rear, vertical, partitiqns. such as
par t1t rons 6% HRAGFONGR & ASR0SRH im fesrfui s ge ThepluRenpeistire S

housi ng t he jlth&h&RHETY By SBinteferte FR etk edE tHerdonRt nd ke hoBigihg.l Thiehs 100
and 102 form between thema rear signal pin array space 104 for housing the

rear porti onactodplished by havipgthe dinmensionit (g B thg dirgensigmbétwetniotonopposed

ting, brackets 1 d 110 which h tivel ti
rpertures 119280R a2 dIERR bRk EeY o FRRAL e aBRE 509 o g
and 40 ext englhf2gisibBRbPiMe cavidPid KHsBETS tBR redeies sk Portioh - of Pez @t 80 forns a

mounting interface, along ) ) ) ) _ )
The front side 78 may also include a signal pin array opening 88 for housing a signal

pin array designated generally as numeral 90. The housing 76 also includes a number
of rear vertical partitions, such as partitions 92 and 94, which form power contact
retaining slots 96 for housing the plug contacts 98. The opposed medial vertical
partitions 100 and 102 form between them a rear signal pin array space 104 for
housing the rear portion 106 of the signal pins. The housing 76 also includes opposed
rear mounting brackets 108 and 110 which have respectively mounting apertures 112
and 114. The plug contacts 10 have terminals 32, 34, 36, 38 and 40 extending below
a bottom edge 80 of housing 76. The edge 80 forms a mounting interface, along
which the housing is mounted to a printed circuit board or other structure on which
the connector is mounted.

[0045] Referring to Figs. 10-14, a receptacle connector 128 is shown.
Receptacle 128 has an insulative housing 129 with a front side 130 including a
plurality of silos 131 having contact openings, such as openings 136 and 138. The

front side 130 forms a mating interface of the connector 128 for mating with plug
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whi ch the housing is nounted to a printed circuit board or other structure
on which the connector is nounted. [0045] Referring to Figs. 10-14, a

r ecept ac%@gmlﬁghor 128 is shown. Receptacle 128 has mmr/usmeud/esiceage housi ng
129 with a front side 130 including a plurality of silos 131 having contact
openi ngs, such as openings 136 and 138. The front side 130 forns a mating

I nterface of the cannector 128 for ting with pluyg -5 W) 2006/047071

PCT/ US2005/ §388e801 oo ihestles 1 ¥bareth %lFPgén@%eﬁPé)eﬁ?ﬁiY@UPé’@e%}ﬁas &zed to

be 1 ecei ved ge, (ARRAIAGY s 4me Rfhe ALrbASLANEL 1P or Beredbalic BRlh0RS, 54

(Figs. 3-4) of the receptacle contacts a po In silos 131 and
openi ngs 134lispbsél witkinsiloe i3 hawt cpenirigyd84,d 36are seed el canffiguredpe recaive | ower
sections 18 an 20 of plug contacts . .The front si 30 has signal pin
recei vi ng artg%lumav\ﬁlfw issqﬁwsg%ﬁniaeépﬂ%&gn@ﬁ@rlpu?@@. ofth &1 539%3129

al so has a | . it s : ; ks 1 146,
which form @i%n%?%%{r%eﬁgé%ﬁ%gmgfv%ﬁél%p P?#Eﬁgggiaﬁg re%:'ep a%(?uéﬂl o%acts 48.
Si gnal pin hisediang phirAlityrefeedr\pastitions, syoiabs patidmisdedeandddbawhichfomy 154. The

housi ng 129 al so i n¢l.udes opposed rear nounting brackets 156 _and 158 which
have, respeCPRipe!fFtaipg ﬁIPFSrM%afBéW%P&e&WCI%W%Wa&Tﬁ@%B?‘ét‘é‘l‘gel%nt act

termnals 6 (%nap e AT § : t he
nounting i nt% %cre?’ ;Egg r%gg%'tgc alglgce)&é%%ﬁ%g? g? T%gho%?%agﬁ&cgdggaﬂ:ygéﬁ t he
housi ng 128 redrsnounting drqvkets 4156 tayd ¢58 whichilmae, reqpeciieely, thowmnithgkpsituresli&posed
between silos 131. [0046] The receptacle contacts 48 are retained in housing
129 by an iaﬁgég?-ewgﬁﬁeée%tﬁ?le cAntacidempinals I6§a {4,36,5@@4@]%@%@&5@ vi ousl y
descri bed w G | Al t Ln this
fashi on all S%aésugsfgfﬁ% ?%S%%ons %ﬁ&ﬁaﬁoﬁéﬁ@%%&@@ ??ﬂéq%ﬁé)h{gont act
and wal | s 58ided30af thdiousmgdRBatdochas aplwalitytod vierticalsypacesdl 7oramth 158y r oundi ng

parts of the.respective housings 76 and 129. This | eaves a substanti al
proporti on Gspeprd bstvesnsllogldl of both contacts (including the plug

contacts), expos e %l&a;% . i 5'1%511{ pabilities,
principally thrgg%ﬁé?cgﬁ&égéél%g%@ oung en égﬁ%eé%ﬁﬁﬁeg?ﬁcgﬁs ﬁd'agﬁjl]yo&ﬁ@capabi lities
ar e, desi r ablistefferencepfitiaressentiblhy the .sain® Gdbnherdasprevidusiy dessribad it regplettgo

connect or 200 enbodyi he, i nvention. , 1n this enbodi nent, the housing 202,
preferably PO Sﬂ&éﬁﬂ@@%ﬁ?ﬁ%ﬁqt&mtﬁﬁt&?%, OSuRstaptialportinng 0504 t hat

forms the rmahd Rand 1% 94T2 ek Mg bORaGANAFN1958, 6UF the receptacle contact to be
spaced from surrounding parts of the respective housings 76 and 129. This leaves a

substantial proportion of the surface area of both contacts (including the plug
contacts), exposed to air, thereby enhancing heat dissipation capabilities, principally
through convection. Such enhanced heat dissipation capabilities are desirable for
power contacts. ,

[0047] Fig. 15 shows another plug connector 200 embodying the invention.
In this embodiment, the housing 202, preferably formed of a molded polymeric
material, has a front face 204 that forms the mating interface of the connector. The
face 204 includes a plurality of openings, such as openings 206, formed in a linear
array.

[0048] Referring to Fig. 16, the plug connector 200 includes a plurality of
plug contacts 208. The contacts 208 are inserted from the rear of the housing into
cavities 212 that extend from the rear of the housing toward the front of the housing,
When the contacts 208 are fully inserted into the housing 202, the contact portions
210 with contacts 208 are disposed in the openings 206.



face 204 includes a plurality of openings, such as openings 206, forned in a
linear array. [0048] Referring to Fig. 16, the plug connector 200 includes

a pluraliiwo sbeodbrag contacts 208. The contacts 208 are f(ﬁﬁﬁéioﬁ g ﬁmthe
rear of the housing into cavities 212 that extend fromt reaﬁ? o?

housi ng toward the front of the housing. Wen the contacts 208 are fuIIy
i nserted into the h2u5| ng 202, the contact portigns. 210 wth contacts 208

are disposed in t984%hcRefegansiodie- |, e e eoniec 398 ivwmilaspnanyrsenests
[0049] Ref ertargq@%hg cbhflcts Mowh gﬁpgnygﬁqgaa@es%pz&ﬁp'aﬁeﬁ | Als 312, 5P What

respects to t CORtact I ncl'udes spacéd panel-llke
wal | s 214, Zkéferdvdy areqﬂﬁfaeaﬂd)lsubsamaalmlaamlﬂelm waibs2 1adn 21 G bdeyjommad i lael . The

bri gi ng. &1 JHEHDTBEINE SFoerted e Rk ERRETE KEeab Al EOCHBHIDED B f or rod
vl | 5 210 STAERIEHRR AR SHroRgalb & éﬂr??%%“m R S

eac es a fixing tang
al ong a bot tfwmcﬁfont bages df theokalis 4y214. .Prifwabl\p,lelash ¥ali mczml‘aesal feang tmgude

| ateral positjonin eI enment s ch bent 222, for nterlng t he
contact wi t H%4 foEH ?Pﬁ%afﬁomrﬁ’%m&%ﬁﬁﬁ% Egﬁlﬁ‘ Vialls 214 36 plse melide o

posi ti oning j [ I ng
ol erent 216 Too AgatoRHE Siditent B velfaesb22) RE sPHSNE tid SBlpcl A, J

canti | ever ectasities 2%2 jx botisirg 2020 Eath ovalltaiee iheliideyi aygpsitionimfeaturédisuci2as

I ncludes a | oca é’lb‘l surface 230 at its distal end. [0051] Term nals, such as
t hr ough- hol &35PHh&18 extend fromthe bottom edge of each wall 214, 216.

The termnals 22 ;b {0 i %‘&)ar r onpri se
press fit or ot hg[rG%pegh%?b@nrﬁfgﬁlﬁ%%mg?m&s@&egzﬁg scggﬁx%rﬁ%#gﬁng. 17,

t he cont act srefbﬁﬁom:anm B28 timt isednfilevered aticseprosinmt Iendbfroﬁt thapridgingretenient.ni ng t he
part froma r l1i,c stqck suitable formng electrical

cont acts. h&“@: 2§ ‘gﬁ goq,agp,gg acgi2a0 gt dis a!aell‘{arrier strip S for gang

| DSeriien or sepapabfd FeRhiltush bl Brdlshgiold fink DOGTEAAN o GublBlE| O

[ 0053] Referring , the contac nserte o housing 202
from the reasdge of eachavalt 2 bg 2262 Thé-tegminhs) 226 daa be goldasto-BéHid pisl(acshioed) (i n
the vertical sense of Fig._18) by enga?emant of the bottom edge 215 (Fig.
17) agai nst @&@Jﬂae@pgmreﬁﬁ%%@%wea@ -engagenent of the top edges

of the lugs 234 wobhkyjt N&s thPbstn fom Fig. 17, the contacts 208 can be formed from
sheet stock by stamping and forming the part from a strip of metrallic stock suitable

for forming electrical contacts. The contacts 208 can be retained on a carrier strip S
for gang insertion or separated from the strip prior to insertion into a housing.

[0053] Referring to Fig. 18, the contact 208 is inserted into housing 202
from the rear into cavities 212 (Fig. 16). The contact 208 is located (in the vertical
sense of Fig. 18) by engagement of the bottom edge 215 (Fig. 17) against surface 232
of the housing and by engagement of the top edges of the lugs 234 with the rib 236 in
the upper part of the housing. The contact is maintained centered within the cavity
212 by the lateral tangs 222 that engage side walls of the cavity 212. The contact 208
is longitudinally locked in the housing (in the direction of contact mating) by means
of the spring arm 228 that is deflected downwardly by the rib 236 of the housing
during insertion and then resiles upwardly to position the stop surface 230 at its distal
end against or near the forward surface of the rib 236.

[0054] The downwardly extending tang 24 is preferably received in a slot
225 in the housing, the width of the slot being substantially the same as the thickness
of the tang 224. By capturing the tang 224 in the slot 225, deformation of the wall
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t he upper part of the housing. The contact is maintained centered within the
cavity 212 by the lateral tangs 222 that engage side walls of the cavity

212. The w@Nodpi02P8 s longitudinally |ocked in the hpgsupgosnss2ishe
direction of contact mating) by neans of the spring arm 228 that is
defl ected dowmwardly by the rib 236 of the housing during insertion and

then resiles upwardly to posifion the stop surface 230 at its distal @ end
agai nst or rreson, As T ght pePUr wher e ansiicver %%{1 he comfaot|seqtinn HBWERAr di y

ext endi ng t%@a%ea{gﬁ_oﬁ{e?,figgigrtgge}]ﬁtté gﬁoﬁ% 6f'1h@w§il§’§l%2ﬁ% &@%@Mggiwg’ the

wi dth of the slot being su I'y the sane as the thi t he tang
224. By captaofitheigngh224. afigis 2AKarnices ¢dntrobodfithe 2@ftactdetmehfaries gendratetibywal | - 7
WO 2006/ 0470 PCT/ US2005/,036238 5 ction, as m ght occur when the

cantil ever ct3omoldne CRARILIEYR AHps @ection are urged toward each other, is

limted to the pogpson Ak sﬁ&ﬁn‘gffigfslé%teﬁﬂﬁaﬁiﬁg%%%dfbgfo%{hglb\sﬁoﬁf the

tangs 224. This ehhances contr the contact nor orces generated by
defl ecti on cfurfabe23fof the doesing 202 whidh bdtab&irfaés dsfinesra moukting infeffacd dife

term nals 226 extend bel ow {he .bottom surface 238 of the housing 202, which
bot t om sur f d&& CYREEL PGB ig mopnisdronaprgted giFgul ctor, along which

it is mounted on @oBs] NFRA. fd &fdds %%cﬁt%%@@dnn%&@? forjﬁ?tﬁ%gi?l?gl?gﬁy% ﬁ

receptacl e connector for "mating wt connect or
Fi gs. 15-18.cohhectoritlagitaied m ERiganridcl8rEheZdépiactd commectors 3409ndlade are housi ng

242 that conprises an arr f receptacle silos 244. The front _surfaces 246
of the silos g}l@W%@%éq%; ceapr @%&#Wﬁ?@cmlpw‘fn?@ﬁ%e of the

connector. ol 248 e ﬁ!})gga?%gﬂﬁtaﬁgﬁé& Ioﬁ[anﬁxe&ﬂ' % &ﬁhﬁnegci% Paﬁ% ofagt | on

210 of the plug contacts g connector. uralrty of

recept acl e ceanhesttrs Bl silahes amopdnircy 248 folhrechivitgy the cOrtact spetiined 19fyhdoy
insertion frgmthe rear into cavities 252. As shown in Fi]%. 20, preferably
T Ken

the top wal IPlpggonsacts R@8 abtheimaiingsennssinr. dhe phuality of recepigclersentagii2Sef t he

connect or hoysi j ' | i.n. ¢ he ities
o L0057 4R nted MU R Dprp A PO) WL PATUR U il i iR
i | lustrated 252. Ad showailin FIfle20; preferatily 2e(op svalli2fl ofithe ouwsagy dvef astextendt he

receptacle contact 48 iJlustrated in, Fi &; 3.and 4. It includes two opposed
wal | s 254, 2m8yinthe ragrofthesmsgioyhousingsthsraby deawng,substantial apepngsin the |

t her eby fornaéi gicbekyeen them a contact receiving and air flow space. The
wal | s 254, 2 are Joined by a front bridging el enent 258 and
[0057] The receptacle contact for receptacle connector 240 is illustrated in

Fig. 21. The contact 250 is similar in basic form to the receptacle contact 48
illustrated in Figs. 3 and 4. It includes two opposed walls 254, 256 that are preferably
substantially planar and parallel, thereby forming between them a contact receiving
and air flow space. The walls 254, 256 are joined by a front bridging element 258 and
arear bridging element 260. The front bridging element 258 includes a resilient
latching arm that is cantilevered at its proximal end from bridging element 258 and
carries at its distal end the latching or locking surface 264. As described previously,

| the receptacle contact 250 can be formed in a single, unitary piece, by stamping and
forming the contact from a strip. As mentioned previously, the contacts can be
inserted into the housing while attached to carrier strip S or after being separated
therefrom.

[0058] Fig. 22 is cross-sectional view showing a receptacle contact 250

inserted into housing 242. As shown, the locating tang 266 is positioned with its
forward surface against the locating surface 272 in the bottom wall of the housing

242, thereby positioning the contact in its forward- most position. As the contact is
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a rear bridging elenent 260. The front bridging el ement 258 includes a
resilient latching armthat is cantilevered at its proxinmal end from

bri dgi ng @lermeebtsgn8 and carries at its distal end the ﬂ.@f,gg%g oFes3s! OCKi ng
surface 264. As described previously, the receptacle contact 0 can be
formed in a single, unitary piece, by stanping and formng the contact from

ousi g whi | Bt 46 RiechaugigaiEIHhigg A 362 Bicaiteddp rele A5 RRpi g &
therefrom | | 10%%%15. . < ' | igncgmaz acle
contact 250 &%g%lgrtfﬂe%tﬁ n C}Eé??\gogﬁl%thbﬁgﬁ%hé\%m% %gm ocat idr%grefi%%g 266 is
posi tioned wipwardlysftef iipasses tielatching seqmni298, thhdodkingturfage 264 bugage2d2 in t he
i

PCT/ US2005/ | H=To : ' g I s caused
to resile dg‘?%g’?t8|ﬂ§gmsﬁmﬁrtmhe%§§‘é’g§9? ﬁgﬁﬁeg{l Eﬁi{dr?g t%%?‘??%c% Zggéﬁ%fér?ﬁe

housi ng. As thaencuatiaginterfaewf 26hectes2H@s upwardly after it passes the
| at chi ng section 27

the |l ocking surface 4 engages raised rib 280
(Fig. 22b) therebwogﬂck‘f\ﬁé}h%sﬁétegé’ﬁ%%gétfzﬁg%‘aggp’ the domardiporsipar ahihe walh

respect tot ' Al o] fafee2 70 t hat
forms the %ﬁ?ﬁ%%@%ﬁ%@ﬁéﬁﬁﬁﬁgﬁf %%@?g%Q%Q%éqﬁF?%trat ee(Zj in

Figs. 22a ardi6fleact dib, b plygpeahtqpordceiving apening@484s femed5 2 he 3péning e di sposed
along inside side walls_of the silos 44. A;_the forward, surface L 246 of each

silo, a plugnelfesanaiy fdms 27l sens withor extend gust shightlyheyepdythe; nc) udes

a pair of I|i; m 'i’arﬁﬁq I Iy | ¥ beyond the
i nsi de surfa‘@%&lg%‘ﬁf#ﬁgaﬁﬁ%ﬁ%?@&. 'S §%§ﬁ3§%ﬁ?§%§g$%gt he benefit
of | ower ed lowetedahitinhineertion fortes when thé eonrebterc200ned 240sare Gaterin dAAHO ar e
mated. As the silos 244 enter thqe@g&?elgxrhgé 206 (Fig. 15 t he_caont act

r

sections 210l entsy the gpeniags¢0 ¢antaret geqtiops 21 Fﬂjﬁjﬁébb'ﬁ]ée surf aces
of |ips 274. Ll | Ghl e | ered
arms 22 and Ctaﬁgﬁgﬁgtaﬁgg%%gfsg Eiﬁéa%g ttl}eguéftal&&é)l?glb?gﬁ'r B\é’t@%g%%ﬁcggéﬁ%ﬁe |8f(’:l| ent
friction betfrietitn béteeemthicidaptileverdd arms22und thé plastid lps 2B Isselaibely Rivger | ni ti al
insertion force_ is mnjimzed, [[0060] Fig. .23 shows anot her enbodi ment of

pl ug connecttBan tggoekiigionk frictiophstrscrdhs Cantilcyered g&mp gnd the mefal wall§ ngl e front
openi ng 294 4 I G t s S0Ghdhiaas 296 of the plug contacts are

di sposed. Thieﬂhiggkﬁ%élg}ﬁggfqﬁn@fégd%s a p%z}'r ality

[0060] Fig. 23 shows another embodiment of plug connector 290. In this

embodiment, the housing 292 has a single front opening 294 in which the contact
sections 296 of the plug contacts are disposed. The housing also includes a plurality
of openings 298 in the top wall of the housing. As shown in Fig, 23a, the bridging
element 218 and locating lug 234 engage the top surface 301 of the contact receiving
cavity and the bottom surface 295 of the cavity in an interference fit. The arm 228
deflects downwardly as the contact is inserted into the housing and the arm engages
portion 303. When the arm 228 clears portion 303, 'the arm resiles upwardly to locate
stop surface 230 adjacent surface 299, thereby locking the contact against retraction.
The openings 298 are positioned above the latching arms 228 (Fig. 18), to allow the
arm 228 to be moved from a retention position and the contacts to be withdrawn from
the housing. This can be accomplished by insertion of a suitable tool (not shown)
through opening 298. Openings 298 can also provide air flow passages for enhancing
heat dissipation.

[0061] Fig. 24 illustrates a receptacle connector 300 adapted to mate with

plug connector 290. The receptacle connector 230 employs a housing 302 having a
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of openings 298 in the top wall of the housing. As shown in Fig. 23 a, the
bridging elenent 218 and locating lug 234 engage the top surface 301 of the
contact r bl avity and the bottom surface 295 of the cavity in an
interfer emb didtas.ho%ﬁe arm 228 deflects downwardly as thECEM%%%?é’P¥ﬁ2§8

i nserted into the housing and the arm engages portion 303. When the arm 228
clears portion 303, the armresiles upwardly to | ocate stop surface 230

adj acent sur¢antinu@@OfrontHaceciy, rathdritieg 4 pleratipnofasilos ag @i previoustmhodinents. The

openi ngs 298_are positione bove the |la ..ng arns. 228 (Fi 18),, to all ow
Che' arm 2oaTheenBe Rovbfeor Fof PEibR abBier B Op e fuTin peping H4nPABIEE o’ be
wi t hdrawn frgdftack B&10RY 306 thsertdl Bt Gieniis 305 81Rkck 30£.d0p¥ninbs 506 in%e% a
suitable tool (not shown) through opening 298. Openings 298 can al soO

provi de air whbef prdwagiog atlow asedsateihgdatciipg arnl efsthp atceplacle[cooBtls (Botg. 24

Il lustrates receptacl.e connector 300.adapted to mate with plug connector
290. The rec%ﬁ“ﬁ’gﬁ‘gdﬁ%ﬂﬁg@t‘b efﬂ‘fylwmgmge"ﬁousi ng 302 having a -9 WO
2006/ 047071 PCT/ URRSP/ GB6 2B odimsiit bimQUss iidlbo e eenbdAfnertr ey, 913w 2
plurality of silos as in previous enbodi ments. The entire front face 304 of

t he connect 026 8@Mnéant farmeé irealvérticdpenfigyat2@y as vppdsed hea rightrangls sections 296
' ted int ' 0 f. f 04. ' ' t Il of th
ousi g al | S HRRER N Jhe RaShing & RecrpARoGIN e At bt abrfm SR al7s (not
shown) as depffdrR19, 4 plutdiRy B QMhRIBsRABAHITEBIm alrlQfiihg Therfasahpent of

Fig. 24 and also the enbodinent of Figs. 25 and 26 are nmeant for use in a
vertical conwhiphrthe heusingis moppiedenn 4 substrate,ghich angpanted oirtuiyboardi on. The

i ural vty of Sorfao e tohriRg cELot et S0 R R MR o2 ritistadoBR g B ani th
t he housing AppropHaieeeceptact édﬁbﬂsrﬁzg%g ﬁy&eaﬁseﬁemﬂtatﬂ%&isfn%%r boar d.

Simlarly, the housing of connector 1as a bottom surface 321 with
st andof f s 32&mnegtprsr H)orand 380 frore prechoktemcsidas 307 an@ 321,(1B$pgctivelyar e i nsert ed

into the housi f t 300 320 f t he bott om.si 307 and
5917 1 ospoct i vor y 0EBLGSTE 27 sho5y 3 eaRlacls SputabisRT coBPrBE AR S onpr i o1 ng
a pair of ppRERIBYblankt parallel RrdlBI326] 326ahAtTore BetweR tHendh chRanBRiMEEN t hem

a contact receiving space for receiving plug contacts of the type
previ ousl y dspace fasaeceiving plugmentacts didle typeprevioasky desgitedt dihil eomptdct bam a rear

T e N e

the contact 322 is received in housing 330 in a manner similar to that previously

described, wherein the resilient latching arm locks the contact against downward (in
the sense of Fig. 28) movement, while a locating surface 334 locates the contact in the
opposite direction with respect to the housing. The terminals 328 extend beyond the
plane of the mounting interface of the connector housing for insertion into through
holes in the printed circuit board.

[0064] Fig. 29 shows an embodiment employing two sets of contacts at each
location, in a stacked configuration. The receptacle connector 340 has a housing
formed of insulative material. The housing 342 includes a mating interface having a
plurality of openings 341. Each of the openings 341 open into cavities in housing,
‘which cavities receive substantially identical receptacle contacts 344a and 344b. Each
of the contacts 344a and 344b is similar in general construction to the receptacle
contacts previously described, there being a pair of such contacts in each cavity,
generally aligned along the side walls thereof, to form a gap between generally
parallel plate sections 346. The plate sections 346 have two opposed edges 348 and

350, one of which carries a retention feature, such as interference bump 352. The
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descri bed, wherein the resilient latching armlocks the contact against
downward (in the sense of Fig. 28) novenent, while a locating surface 334

| ocates t iy 50 $7in the opposite direction with res ousi ng.
The term nal s ggg@elxtend beyond the plane of the nount ﬁ@ﬁ[}%@g%%%;eg of the
connector housing for insertion into through holes in the printed circuit
board. [0064] Fig. 29 shows an _enbodi nent  enploying two sets of contacts at
each | ocat i §feptagle aoniacisretipns 846 rgUeriatned in thehwuping bytsuitable awARe 684Yas340 has
a housing fgr. ' i i aks QUS| 342 <} a mating
I nterface ha%’%geq%9énﬁf%@ g*el%ieg%g'ftﬁg%%%ﬁ %525 i:;rg%pné%cﬁ%nglégB%%%ﬁBS 341 open
into caviti egenerally@dplangs wallbéction 64.1 Thewall eestione 354 bretjaiied dlylaybridgent i cal
receptacl e contacts_ 344a_and 344b. Each of the contacts 344a and 344b is
similar in gEREEHPSD onwitableterminalsosuchas presehit senmalscingrextand fmeon 6dgs y
descri bed, {Ghe vhflisBtidh £ fn B UG FORE5hSeckdt BT OB el 1n o 9GRELR! Y

al i gned al ong gosivde wall st ereof, to forma gap between generally

paral | el pl atonfigatioans 346. The plate sections 346 have two opposed edges
348 and 350, one of which carries a retentiaon feature, such as interference

bunp 352. The - 10[0865b0dbe oweting plugcrrussiargsOindndss 2 malded palymericdeduct

sections 35 r L.hed i oysi.n ' n

interfer encg3 (?Ll tﬁafc’:r(réég%’%déj %%llp?éﬁﬁ%g%ch ngy%gﬁp%mhggﬁ%gngzﬁhﬁ%ﬁWﬁgl udes
a generall yplagpbmaar37\6allthe§ee;]sm'g oontaddare Togfig@ed gemeillypmsthdbhnaére j oi ned by
a bridge section 355. Suitable term nals, such as press fit termnals 356

ext end from Rigviengy degribed.anamaly, bsngifpareda pairofspacedkal saetipes 3G4end

connector 3494 . ' ' ' ' ting
o1 g conneat o sty Y588 b bBouiEkishRom R Shurlb 3bhdBe cplBbleatd5e8™
pair of pl ugarkiIBOA6 eBgagelEé spsediieeptadle Platea BA6AThe Phidy conthct BE2 Ineldes a pl ug
contact 376. These plug contacts are configured c%?erally I n the manner

previ ousl y ouBgle: mslagivelydems, o1 sevsralgrelabyely ghert, taidging elementp 3¢@ thahigin twect i ons
364 and 368 res |V W] by . bri-Aai el n .carryin osed
Contact  bean@raae iglet 3k o e Bfbmt kol 124 e P Blelor M AR aka BB T
pl ug cont actstRfefire, 3Gtk 6L Mterfdrétitt BumbS7a! ThepYug CORthct 962 Re¥@IMRL in it ati vel y
short, bridging elenents 376 that join two _opposed plates 364. The bottom

edge 372 of @woh vothin heusing3sbyzguintasterange &it betvear therbridging elements 3%0ich as an

w thi n hous: 1 DR Pegerenct i 7 BRAGSh R obubi & BEohiyeliaf Sront s a7

mechanisms could be utilized. Similarly, lower plug contacts 376 comprise a pair of

coplanar wall or panel members 378 joined by one or more bridging elements 382.
The lower edge 384 of each wall 378 includes an interference bump 386, that
functions to create an interference fit, as previously described. Suitable terminals 368
and 380 extend from each of the panels 364 and 368, beyond the mounting interface
363 of the housing 361, for associating each of the contacts 362 and 376 with
electrical tracks on the printed circuit board on which the plug 360 is to be mounted.
[0066] The exemplary receptacle and plug connectors shown and discussed
thus far are generally configured to be mated in only a single direction. For example,
the right-angle plug connector 75 shown in Figure 8 is matable with the right-angle
recepfacle connector 128 shown in Figure 13 by converging the connectors along a
horizontal (lateral) pathway.- These connectors, by virtue of their configuration,
cannot however be mated along additional directional pathways. Alternative
connectors contemplated by the present invention can provide multi-directional

mating, as discussed in more detail below.
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and the interference bunp 374, although it is contenplated that other
retention nmechanisns could be utilized. Simlarly, |lower plug contacts 376
conpri se waRosnah71 copl anar wal | or panel menbers 378 jgi ﬁgzog lofRfg OF nore
bridging el ements 382. The |ower edge 384 of each wall 378 1 ncludes an

i nterference bunp 386, that functions to create an interference fit, as
previously described. Suitable tern_nals 368 and 380 extend from each of

the panels 364 anl®088k, Reteyrnginew o Rigsi0 30yg 33n a1 p¥pRlaryImcentacls ¢RINREOL| ng
361, f i ati 2 - eairlcal
tracks O{) n atS ?lietfde ?%irl\% ﬁg‘ll? ?c%llfap{eg g%f"gagﬁgm} ch t ﬁeggrpﬁoé%og?%lgi ‘é&tl%ﬁ@gb%u nt ed.

[ 0066] The eoeitiphally Reeprickcdonnedior 400uncladssracdtaiusing 4l0emd twodeddptaciessed

thus far are generally configured to be mated jn only a single direction.

For exanpl e, contagts 430qHiach of the thoggcepbs tsAZ0JRelACS apais gjipaced apartnmt abl e
with the ri - : ; ' ' 18 gy

conver gi ng ?.Jﬁ%e @(Q)%‘J’ngzc% %ﬁfﬁgﬁé&g&qﬁ%ﬁ‘ﬁ%ﬁﬁ%ﬁﬁ% iﬁg? %\%ﬂ e%g?tl%?gl)l/. §1F}Eese

connectors, Wwylly422 ¢seh bhvé Haedicatadiet ofteahinals, 423danegaghi@viepriitedéeirouitt ed al ong
additional directional pathways. Alternative ,connectors contenpl ated by the

present i nvestucBie.cartha cyuenttion istelatiyels spresticted (hat is gurren) cpwdingised in
det ai | - 06/ 0 / . L[
now to. Fr gs. TaELhy cdtentBem S 1 st FachoPe sihe Wall aine iyl wSBI' [0

i s adapt ed t@rdiftGauviRrethpbuph isuwiest of tefomahnt al |y, vertically, or
rotationally. Receptacle connector 400 includes a housing 410 and two
receptacl e ~cont al9088k2Becapiadie egnnegiar hapsingd 8 3ncludes afsentaeatingdacs 413¢| udes a

pai r of spac s | | . t VI space 424
defi ned ther%@ea?s%gse qma]%gfé@%v\él?éhﬂéi%ﬂ%gléaﬁbﬁé&\%ma%%ggg@é%(%ngdg?’gée/wg? term nal s
423 for engaghtig facOdi Nt Nrhtiap Tadeidl2 isdhides indigidusiopehiais 413 fanprokidew i s
relatively unrestricted (that is, current crowding is. limted by current

bei ng abl e tascessdoplugaantast receivingfpaess a4 iaating face 4t4 infludgs pprnipgsi4ifed

circuit str e thnough.i.ts. 0 rna . L.acl e
connect or hgﬁég‘%‘g@i{ﬂé R tu}ﬁg%g%vg]f@%ﬁrﬂg’ mlgﬁg}’ : r%ialfl&%g‘]r?gﬁg?géu d mating
face 414 thafhd @pegﬁr%fseﬁa%m&’taﬁﬁéd’éd iadpréveilighaganald initiad niatiag bf theat i ng face

412. Mating face i ncl udes i ndi vidual openings 413 that provide access
to plug contepnnesterseiln ppgefened embadimentyand asshpymdn ¥ig 30nependngs ddand ngs 415.

mating. . Thet Bt At OB ouR Bhilie 18, SRofBOE R Rehinh RS S v ng

of the rotational connector mating, wherein a plug connector (for example, plug connector

Q)

500 shown in Fig. 31) can initially engage the receptacle connector along one
directional pathway and then be rotated to a final position.

[0069] Referring now to Figs. 32 and 33, plug connector 500 is shown being
vertically mated with receptacle connector 400. Plug connector 500 includes a
housing 510 and two plug contacts 520. In a preferred embodiment, each of plug
contacts 520 comprises spaced apart side walls 522 and a pair of cantilevered beams
524 that define a front projection 526. The cantilevered beams have an inwardly
converging proximal section 530, an outwardly-directed arcuate section 532, and a
distal section 534. Alternate plug contact designs can include a single side wall and a

front projection that is different than that shown in Fig. 32. Plug connector 500 is
illustrated having an overhanging shroud; however, this shroud is an optional feature.

[0070] With the vertical mating direction shown in Figs. 32 and 33, the
outwardly-directed arcuate sections 532 result in the cantilevered beams at least
initially only engaging a second region 426 that is distal to a front region 428 of an

adjacent receptacle contact side wall 422. Cantilevered beams 524 resiliently deflect
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connectors. In a preferred enbodi nent, and as shown in Fig. 30, openings 413
and 415 abut to define continuous openings 416. Such conti nuous openi ngs

al | ows fa,r 205864%410%" connector mating, wherein a pl ugpERIER03/636238f Or
exanpl e, 51ug connector 500 shown in Fig. 31) can initially engage the
receptacl e connector along one directional pathway and then be rotated to a
final position. [0069] ReferringnnOM/to Figs. 32 and 33, plug connector 500

i s shown beiipyardisiomachhecenier planopf plug sertpetzi2le Thisdaflection Boy respit iy
t 5 ' ' t .
;(r)g? g(r:r gtrj e %I | lleh{'t%,ge%ebggﬁq%# g%ﬁ%gu%ﬁ&gtor n@ g%% é&%ﬂg 5%%%‘?%5("%3%?1&%%4 ‘gﬁlgsrt si de

wal I's 522 ang vallp Diktabectiond $3sesmicdgebartpon edhpldiéinadaf) tig aanddid air
projection 526. The cantil evered beans have an inwardly _convergi ng proxi nal

section 530,23840 it maintRinedhetweenctomg Rosiens of dhe prpesedoantilenered begms e

section 534. 1 e . C ' ' e | | de wal l
and a frontfaépa%\ir&c%)ljm!(’aﬁ(}‘t%|E glﬁﬁk) %tg?nﬂgg%ﬁ% gfgdgg&ﬁﬁgﬁl@trh%tag geoavnvﬁd Ilmﬁg %’gﬁe&é’ . Plug
connect or 5QBowS in Flguitst30a3 2 ereRAYWA Yavifg Ve povaariontact Wwithiel thé@égectve this
shroud is an optional feature. [00701_ Wth the vertical mating direction

. 1 ng
shown in Fi gennestordigysiags, buha gregter whFaavey nampacefcontacts randededudednas welb
result int cantid l ev t least 1initially only engaging a second
O SR T B

regi on 426 nt region 428 of an adjacent receptacle

contact side wal l[o¢2q. TanjreliRuslyddschibadEechptdcle @bd blvgndonactiahdwid platkd VO
2006/ 047071 PCT/ lSS_ZO 5/ 036238 i?\l.wardl_y tO\;\&grd thebcenter pl an}gwo pl ug
cont act 520.orpHieswisepated Witk qempsioa sesistant materipds. cAlsei the plugonisebbremsngagi ng

front regions Qf ceptacle conf.act sjd I ) | I. | st al

sect | ons s fertsd FienhT B B enfisr iAot il SeaiipdfwimR Sap sa0

i s mai nt ai nednia6t NWEARInEOSEIReS bf BB SeceptatiBeomp@esed cantil evered beans to
facilitate heat dissipation. It should be noted that the receptacle and plug

connectors showl0072]Fi The ‘@nabmasy cangrustionafl bethirergptaste gndvidedecontagist s
within the respective connecto Eglgsi S bu%. a rtea}{e{ or._fewer nunber of
contacts carf Bl e PRRRSHS & aWﬂiX gaﬁ%gl VR BBt ea] YRUPAOG B act s.
[0071] The RiAigaRdSYith FESCTiRAkr RAEPERHNS. BNebRpitEoR WA R Ykesp! at ed

or -otherwi se coated with corrosion resistant materials. Al so, the plug
cont act bearponneptars pEsipvlae dize andhower Handlingcappbitiios the“dijal mess”on to enhance

[0079] The e ifasBRRLRES phik Splo BB o3 et ba o deHieh B "cont act s,

enhanced current flow and heat dissipation properties result from the contacts having

greater surface area available for convection heat flow, especially through the center
of the mated contacts. Because the plug contacts have an open configuration, heat
loss by convection can occur from interior surfaces by passage of air in the gap
between these surfaces.

[0073] The contacts also contain outwardly directed, mutually opposing
receptacle beams and dual, peripherally located, mating blades, in a configuration
which can allow for flexibility in modifying coﬁtact normal forces by adjustment the
contact connector geometry. This can be accomplished by modifying the bridging
elements to change bend radius, angle, or separation of the walls of the contacts.
Such modifications cannot be accomplished with conventional singular-mass
beam/blade configurations wherein the opposing receptacle contacts are inwardly
directed, and the mating blade is located in the center of said beams.

[0074] Such dual, opposing, planar contact construction also allows for
easier inclusion of additional printed circuit board attachment terminals with more

separation between terminals, compared to an equivalent “singular-mass” bulk
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enpl oyi ng opposing, relatively thin walls, allows for greater heat
di ssipation as conpared with prior "singular-mass" designs. In conparison

W th "Si?WHQﬁﬁ/{ﬁ§§ connectors of simlar size and powmeErutRsiecrss
capabilities ? e "dual mass" connectors, as disclosed have approximtely
two tinmes the surface area. The enhanced current flow and heat dissipation
properties result fromthe contacts having _greater surface area avail able
for convect idgfightathe nssof relatbealy largsy platesdnghe plug agd Frosptacisicopiasts gifes d
contacts. B ! ' LOon, t loss
by convectigﬁ@géﬁooccaﬁ%?g%ﬁﬁﬁﬁggbﬁggﬁgﬁg?%%%gﬁgyfgﬁég%%%ﬁ%%ggFPH%% t he gap

bet ween t hegarts Mhkeeciessens Oshél]ctibhof capért dlos tal th@pined alrouiobbardy tHergbli r ect ed,
mut ual |y opposing receptac]e beans and dual, peripherally |ocated, nating
bl ades, i n doveis weistmreand Igpseringhseat SAPBHORor flexibility in nodifying

contact normal f zg{ : : : &&@3: . This
can be acconpli sﬁgﬁybyn% [ &?%ggﬁlhg&%ﬁhﬁ%@%ﬁi%ﬁcgﬁﬂe%ﬁg&’?gh‘%ga ge[%end
radi us, anglcentaots t6®pplased ina priotdcted pasition withii the meldedpolymeriShotising for

nodi fications_cannot be_acconplished with c%nvent i onal, singul ar - mass

bean bl ade 8ty BUPasesod&is faenes ip of Ruthsp prstihbeqanscib pHeve Miwatzation ofr e

I nwardly di - ' aAfgid &?S?'?% | sai d
beans. [0075' %l&}gﬁf%%glﬂ ?ﬁgglgg%ta%g%dgj}lanar gégér’lpac 'oifllgf ?Jl}’g%r?gr%ttea alsggsgsl | ows
for easier andehhsicenhedt dasightioronAlso iy tetabriing thHetontactyda itk BiusagHnetiv
termnals with nore separation between termnals, conpared to an equival ent

"si ngul ar - mABANCHENEesty WM@F@@P@FP@Q‘I’F@Q@@‘UQ@@@ m@éﬁ“@?ﬁl&s The use
of relat i velop 3Lk heHnidh dilfindlt Wt AMhEGLRLACHE cGifilAgL s ol ves  this
opportunity Tor providing a plurality of ciIrcul oar erm nal s on each

contact parAddifltiesle, fiesarke, lastbsd¢aki fofdtionality catibe atorgdraved easilytistopr i nt ed
circuit board, thereby Ilowering resistance and | essening heat generation.

[0075) The wlselesed somsissior pytiem by mepditing ige &kagth oftha masing perion, 48| e

e
contacts to ' tec V1 an Wt hin. | ymeric
housi ng for c%@%?ﬂg?)?/Bgﬁp%@ng{hg{%ggﬁgfetg@éﬁg r.fégmgf‘p%?)gr %%#;&tggk%gg?agecause It
al |l ows m ni ro@atison of anount of polyneric material used in nmaking the
housi ng. This lowers material costs and enhances heat dissipation. Al so, by

retaining the corlP8tdls The arpleconngstionstrusiure Betwieah ARpOsiIEFgelsngdar confack wal |
structures <Ride af Anged s ithabith Bt ot kflentl o n ok ELHBE S roshifhe Bt U1 1 11 200

all of which enhances I'ssipation fTrom connectors.
structure as shown in one of the current embodiments, in a manner that does not limit

current flow or hinder contact heat dissipation capability.

[0077] It will also be appreciated that the plug and receptacle contacts may
be manufactured from closely similar or identical blanks thereby minimizing tooling
requirements. Further, the plug or receptacle connectors can easily be associated with
cables, by means of paddle boards.

[0078] While the present invention has been described in connection with
the preferred embodiments of the various figures, it is to be understood that other
similar embodiments may be used or modifications and additions may be made to the
described embodiment for performing the same function of the present invention
without deviating therefrom. Therefore, the present invention should not be limited to
any single embodiment, but rather construed in breadth and scope in accordance with

the recitation of the appended claims.
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Additionally, first-make, |ast break functionality can be incorporated
easily into disclosed connector system by nodifying the I ength of the
mating portion of the plug contacts or by changing the length of the

pl ug-receiving portion of the receptacle contacts. [0076] The arch
connection structure between opposing rectangul ar contact sections also
al l ows for avHaarhnpmindd: of retention neans, such as a resilient arm structure
as shown in one of the current enbodi ments, in a manner that does not limt
current flow or hinder contact heat dissipation capability. [0077] It wll

al so be appneci atveghbldwdctridabcophdé@raabsmpgrBigpt acl e contacts may be

manuf actured from cl oseLé simlar or, jdentical blanks thereby m nim zing
tooling requirefbnts? PRGOSO (mPrisingy or receptacl e connectors can easily
be associated with capl es,aé,mguaaﬁﬁgsam paddl e boards. [0078] Wiile the
present invention has been ?scri bed in conn?y(b:%i on with the preferred
enbodi ments of the vail ous Py foREct af reast parfiglly Gisnasrgdithin thg Plugdeusiisher
simlar enmbodi MefdeSpia@¥omaet Uschehiny a PRAUCHibE 8rl DRSNS retdptadle @hRiadiBMe De Made
to the described enbodi ment for performng the sane function of the present
i nvention w t hoBEJsHM bavingyr preximat peston andaanerugyasdly directest erewaty sertifPent i on

shoul d not be |i ghiRel daRtileA¥d @aﬂgtﬁaﬁ%psﬁiwéssemamgt% BRE ofRNSLd ed in

breadth and scope in accordance wt the recitation of the appended cl ai ns.

-14 Wat is cl ai pigelity of fgaminpls eagh extendingernendipdert torasrespestiysr pugi ¢ffhe a) a

pl ug connector cggqugvglieggéa,ﬂs%]a@ plug housing; and ii) a plug contact at
| east partially disposed within the plug housing, the plug contact

i ncludi ng a proj &t i on récoPadnengraty campesingdt acl e contact, the projection
havi ng a proxi mal secti)u on %@&eggﬁlgﬂ%l}éﬁ%@l{cmdﬁ%w&hﬁﬂ tﬁlrg%@gﬁdsectl on,

opposed cantil evered beans cap el ng res:sedaagal nst to each other,
and a plurality of tébmnm nalreceptaeln centact disporgd pthisethelraseptaple haysingrtbgpect i ve

T ecept al e houlT i ner e TEuE's bhir b GRER AR S MIRTL HurdRTRE 278 1
contact di sposed temininalsn ferhengagogptaapriatethocisduiig strachuze  and  each  extending
perpendicular to a respective one of the side walls, and a plug contact receiving
space extending between the side walls for receiving the plug contact projection,
each of the pair of spaced apart side walls having a front region proximate the
front mating face and a second region that is distal the front region;
wherein the receptacle housing includes an opening that is in fluid
communication with the plug contact receiving space and that permits mating of the plug
connector with the receptacle connector completely in a first direction and, alternatively,
completely in a second direction substantially perpendicular to the first direction, and
wherein in the first direction of mating, the plug contact projection, via the outwardly-
directed arcuate section, initially substantially only engages the second region of the side

walls.
2. The matable electrical connectors of claim 1, wherein a medial air gap exists
between portions of the opposed cantilevered beams when inserted into the plug contact

receiving space of the receptacle contact.

3. The matable electrical connectors of claim 1, wherein the plug contact further

includes a pair of spaced apart sidewalls from which the projection extends.
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receptacle contact including a pair of spaced apart side walls, a plurality
of termnals for engaging a printed circuit structure and each extendi ng
perpendi cular to a respective one of the side walls, and a plug contact
recei ving space_extending between the side walls for receiving the plug
contact projtecti dAe ™ !,"ngIB‘T““Eaﬁé°‘H'ﬁFtPrsd¥f B dVhsprdp thestegrptagls fousipgyi ng a
front regi oBpduingxdxiBatiLalbRLat [E4s0 portibiRt dfdgthl tAE BomNating Fe@ind af fag @ it hat 1S
distal the front region; wherein the receptacle housing includes an openi ng
that is in PP%‘i“H‘edE"gﬁtﬁ’ﬂﬂi’il%aft{%ﬁ“%“ttﬁefrﬂ'g“ﬁl“ﬁ%faﬁ%nt act receiving space and
that permits mating of the plug connector with the receptacl e connector
conpletely in a first direction and, alternatively, conpletely in a second
direction sdbst aM3table gfecHirhionprctan S9mRINghe first direction, and wherein

in the first dirggtion pAfg cBRiecRPeontpiBing! Ug contact projection, via the
outwardly- directed arcuate sectign, initially substantially only engages
the second regi on of the sidd8ehpsyingand  The matabl e el ectrical connectors

of claim1, wherein ajjyedi alpngl don@afe Rt PhrdialyPBIPHSRANWIREK the QNG Hehsidghe opposed
cantil evered beans when inserted into the plug contact receiving space of
the receptacl e cHtpleg comact frrluding appie of Ispaced 2patl sidomialit ped sangifeverrdi m 1,

wherein the plug ettt extdhdingSfom dntakdlstactPofRIR fairQf speaCaar sRawhy S| deval | s
fromwhich the projection extends. - 15 4. The matable electrical

connectors of cl & Pluralifyedfderminalpclon engagingt prntetorissiib strucgpepidryteadingnds al ong

at | east porti ON$e End?&)ﬂal? fohg rgsrpeéﬁve ki S0tk G %ﬂs,_awflégiﬁ daBRtof e
posi tioned substantially orthogonal to the front nating face. 5. Matable

el ectrical conneétrsieyered bpgmsi ig¢lndes a prgxinal seatign ewrheredeuste seetiiraxisndines i) a
pl ug housing; ang.j thc;éromnjrﬁg sécAtH ﬁ'ﬁtbeg& chﬁiﬁﬁtof BaB%FéLsJeX a&é&?fﬁ@ qluib thin the

plug housing, the plug contact Including a pair spaced apart side walls
and canti | ever ed sedbempistheetber cantilegriidbgamirandn an edge of each of the pair of

spaced apart sidg,wal Iagecep@agc&npgt&r glhbtidnOf termnals for engaging a
printed circuit s?ructure and  ext endi nB ﬁ;gr pendi cul ar to a respective one

of the side walls, whéreinageehtadf hosing ipelnding e Viest euting favs havieg udist a _
Bnd bei ng. capabl SPaerBh A e fithotle B BRMAR wbAMATSRABHITE 20t her
cantil ever ed beamhe fastdnating face and having a second opening therein; and
ii) a receptacle contact disposed within the receptacle housing, the

receptacle contact including a second pair of spaced apart side walls and a plug

contact receiving space defined therebetween, the plug contact receiving space

being completely accessible to the plug contact through the first mating face

alone, the second mating face alone, and both of the first mating face and the

second mating face;

whereupon mating the plug connector with the receptacle connector, each of the

cantilevered beams is resiliently deflected inwardly by an adjacent one of the second pair

of spaced apart side walls.

6. The matable electrical connectors of claim 5, wherein the first and second

openings are defined by a single, continuous opening.

7. The matable electrical connectors of claim 5, wherein each of the cantilevered
beams further includes a distal section extending from the arcuate section, and wherein
the distal sections come together when the plug connector is mated with the receptacle

connector.
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b) a receptacle connector conprising: i) a receptacle housing including a
first mating face having a first opening therein, and a second mating face
positioned substantially orthogonal to the first mating face and having a
second opening therein; and ii) a receptacle contact disposed within the
receptacle housing, the receptacle contact including a second pair of
spaced apar 8. si dd“hmaﬁdtaﬁ)leaé’ldctﬁcaﬂ)lcuglectm@mfa:d}iimI’Secﬂiekbilmglesqaﬂlﬁ:levetkﬂffbdﬁﬁd

t her ebet ween cont.act ceivin ei c Iet cessible
ot he pl g RESHT 20 atbSln A Mt B g o Racmerortihs By RReSRG hat i ng
face al one, beamk vdehinsefted ihte thd pled comatt regivirpopacarflthe heeptade comthetrat | ng f ace;
wher eupon mating the plug connector with the receptacle connector, each of
the cantilevered beans is resiliently deflected i nwardly by an adjacent one
of the secomd paiThe n&iab&pamﬁbaamhéct(&i; declwial §,swheein ﬂHeeﬁrﬁtedpadﬁhgam et rical
connectors of cé}al m 5, wherein the first and se(gﬁ@ Ly openi ?Pﬂ are defined by
a single, coMePhaBTLEANNR fgform 2 cppiinugly opsiine and fhe Blygy 0"8?9 &P of claim
5, wherei n edmhhokcdptieleRaiettbeveizadallyaanatifallyt her i ncludes a distal section
extending fromthe arcuate section, and wherein the distal sections cone

t oget her when the plug connector is mated with the receptacle connector.
-16 _8|. The mat ablTge eﬁmer El@c&ﬁcaﬂ?(bﬂlﬁﬁ&bl@l’(ﬁ' ot[jﬂimcﬂ ali(’jml‘eﬁl tnMIﬁﬁtelie%retdh&amsb

cantil evered he pose one an nd a.nedi air ga i St et ween
portions of (}‘E'ﬁ@ E‘ﬁWfi? E’f ‘O'béﬁ ghei %gtéJFYeé‘iﬂia[ieﬁ‘E‘%arF&@%ﬁﬁﬁ TcBht act
receiving s@aﬁ(ﬁnggec&lb@toﬁa@aaﬁm&t@mpont act. 9. The nmatable el ectrical
connectors of claimb5, wherein the first opening and the second opening
adjoin to forma continuous opening and the plug connector is natable wth
the receptacl e connector horizontally and vertically. 10. The natabl e

el ectrical connectors of claim5, wherein the cantil evered beans further
include a distal section, and wherein the cantil evered beans are tapered
fromthe proximl section to the distal section. -17
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